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SUMMARY 


This paper describes the results of a test program to assess the potential 
of manned extravehicular activity (EVA) assembly of erectable space trusses. 
Seventeen tests were conducted in which six ••space-weight” columns were assem- 
bled into a regular tetrahedral cell by a team of two ” space ••-suited test sub- 
jects. This cell represents the fundamental ••element*^ of a tetrahedral truss 
structure. The tests were conducted under simulated zero-gravity conditions# 
achieved by neutral buoyancy in water. The cell was ass«nbled on an "outrigger** 
assembly aid off the side of a mockup of the Shuttle Orbiter cargo bay. Beth 
manual and simulated remote manipulator system (RMS) modes wore evaluated. 

The simulated RMS was used only to transfer stowed hardware from the cargo bay 
to the work sites. Articulation limits of the pressure suit ..nd zero gravity 
could be accommodated by work stations with foot restraints. The results of 
this study have confirmed that astronaut EVA assembly of large# erectable 
space structures is well within man's capabilities. 


INTRODUCTION 

Future NASA spac? missions, such as solar power generation and Earth 
observation# will require "large" truss-type structures# such as shown in 
figure 1# to support the necessary mission equipment. No experience exists 
on actual in-space construction of even a portion of a structure of this 
scale. The three major construction approaches (ref. 1) now under considera- 
tion are (1) erection of efficiently packaged components taken from the 
Shuttle cargo bay# (2) deployment of ground-assembled structure, and (3) fabri- 
cation of major structural elements from "raw" materials (shaping and joining 
flat stock) followed by assembly into major platforms. The erectable construc- 
tion approach currently includes ccxnponent (columns/joints) assembly by astronaut 
extravehicular activity (EVA)# by astronaut-controlled operation of the Shuttle 
remote manipulation system (RMS) # by programmed robotic manipulation# and 
by combinations of these methods. The effort described in this report focuses 
on determining the potential for EVA assembly of erectable structures by two 
astronauts with and without RMS support. The structure selected for assembly 
testing was a six-member tetrahedral cell, as shown in the upper left inset 
in figure 1# which is the basic "element" of the large space truss. A summary 
is provided in reference 2 of a series of assembly tests on two different 
sizes of structure, one using 5.4-m columns and the other using 9.1 -m columns. 

The present paper provides a more comprehensive description and analysis of 
the assembly tests on the 5.4-m columns than is contained in reference 2. 

The purpose of this 6-month study was to assess astronaut EVA capabilities 
in the assembly of large (5.4-m- long, 1 0-cm-maximum-diameter columns), "space- 
weight," erectable structures under simulated zero-gravity conditions. This 
assessment was based on determining the accomplishment, dexterity, and maneuver- 
ability of the space-suited test subjects# as well as observations of the 
effects of training# experience, and fatigue. Specific objectives were to 



1 • Evaluate and adapt preliminary space truss hardware and assembly aids 
to facilitate the assembly effort. 

2. Develop procedures for a two--roan EVA assembly of a six-member tetrahe- 
dral cell with and without support from the Shuttle remote manipulator system, 
RMS-assisted, and manual modes, respectively. 

3. Determine representative time lines for the assembly of individual 
components and the complete tetrahedral cell for the two assembly modes. 

A motion-picture film supplement has been prepared and is available 
on loan. A request form and a description of the film are found at the back 
of this paper. 


APPARATUS AND TEST SETUP 

The six-column tetrahedral cell is shown in the upper left inset in fig- 
ure 1 and in the test setup in figure 2. The cell was assembled on an outrigger 
assembly aid by two space-suited test subjects. The test subjects removed the 
test hardware (columns, joints, unions, and simulated equipment module) from 
a stowed position in the cargo bay raockup and transferred it to the specific 
assembly sites. They translated to the work stations on the handrails mounted 
on the assembly aids, and worked from foot restraints in order to free their 
hands and to react their generated forces. The entire test setup was placed 
on the floor of the neutral-buoyancy water tank, shown in figure 3 (ref. 3). 

The columns, simulated equipment module, and suited test subjects were neu- 
trally buoyed to simulate zero-gravity conditions; that is, flotation material 
or weights were added to prevent sinking, rising, or preferred orientation 
within the working depth. Details of the apparatus and test setup are 
described in the next two sections. 


Test Hardware 

The columns, end joints, and unions were designed for low-weight, high 
packaging efficiency, single-assembly space truss applications (see refs. 4 
and 5). The simulated equipment module was included to provide an assessment 
of attaching an experiment package to a major structure. 

The structural test column used in this test series is shown in figure 4 
(ref. 4) . These tapered columns are nestable to achieve high packing densities, 
and when assembled, are capable of supporting a 3.6-kN compressive axial load 
and at least that amount in tension. 

The column end joints are shown in figure 5. Both joints use a circular 
wedge and mating slot as the load-carrying path. As the two halves are brought 
together (with a motion perpendicular to the column axis as shown) the circular 
wedges (barrel section) and correspor.ding slot on the opposite joint-half engage. 
Upon full insertion the joint is secured by the external latching tabs on the 


o 

4 . 



quick-asserobly joint, or by the internal latch on the quick-cssembly/disassembly 
joint. The quick-assembly/disass«nbly joint was used only on the column joints 
at the tetrahedral cell apex. 

The unions, shown in figure 6, provided the structural interface for the 
assembly of the columns. As designed, this structure can accommodate nine 
columns to form a nodal point within a tetrahedral truss structure (fig. 1). 

For this test program, only three columns were assembled at each node# requir- 
ing only three preassembled joint-halves on each union. The unions were mounted 
on the outrigger to receive the columns during the assembly tests. The union 
mounting was accomplished by using an external latch joint in the pedestals on 
the outrigger at the node positons, as shown at station B in figure 2. 

The simulated equipment module (SEM), shown in figure 2, was an 80- by 60- 
by 60-cm tubular frame, covered with wire mesh. Handrails outside this envelope 
allowed the module to be easily grasped and manipulated by the test subjects. 

The rooilvile was attached to the tetrahedral cell apex union with a 2.5-cm coarse 
screw thread. A conical guide on the female joint-half mounted on the apex 
union assisted the test subjects in inserting the screw thread on the module. 

The entire module was rotated to accomplish assembly. 


Test Setup 

The structure used to support the assembly tests included the test setup 
shown in figure 2. "Space" (pressure) suits were used by the "astronaut" test 
subjects. 

The outrigger assembly aid, fabricated from aluminum channel (15.2 by 5.1 
by 0.3 cm), was attached to the sill of the cargo bay mockup and was supported 
off the floor of the tank at the outboard corners. The apex assembly aid (AAA) , 
an 1 1 . 43-cm-diameter aluminum pole, provided a structure to support the test 
subject and the union at the apex of the tetrahedral cell during assembly. The 
AAA had a hinged/swivel base to allow erection from an initial horizontal posi- 
tion in the cargo bay and swiveling on the axis of the pole to a final position 
against the sill of the cargo bay. The pole was secured at the lip of the cargo 
bay by a hinged strap, bolt, and knurled handnut. The base was secured against 
subsequent swiveling by a pin installed through the deck. 

The foot restraints (ref. 3) were designed for Skylab to secure an astro- 
naut's feet by sequentially inserting his boot toes into loops and rotating his 
heels from the center of the plate outward to capture a wedge on the heel in 
a slot on the plate. Since the astronaut cannot see his feet, this series of 
maneuvers is accomplished by "feel." 

The pressure suit used in this test series (model A7Li-B, ref. 3) was 
developed for the Skylab, and is shown in figure 7. This suit requires an 
umbilical supply for life support systems of air, cooling water, and a communi- 
cation link. However, since the current suit is designed for independent, self- 
contained operation in space, dummy back and chest packs were mounted on the 



suit (see fig. 7) to simulate sel f-cx>ntained life support systems. The suits 
are made from fabric and fabric-reinforced rubber and are pressurized within 
a range of 10 to 24 kPa (1.5 to 3.5 psi) above ambient pressure. 

The pressure suit physical motion limits are shown in figure 8. The joints 
and flexibility allow considerable articulation. However, '^ballooning" of the 
suit under the pressures just described forces the relaxed test subject into an 
apelike posture (arms and legs extended) and creates appreciable resistance 
to motion, particularly at articulation limits. This resistance is partially 
offset by internal straps and elastic bands. To assist in articulation, suit 
fit was emphasized; the suits through the Skylab era were tailor-made for astro- 
nauts. The current suit design is made in three sices with interchangeable com- 
ponents, such as gloves and boots^ to allow greater adaptability. Arm and leg 
lengths, as well as glove fit at the palm, are adjustable with internal straps 
and laces. 


TEST PROGRAM 

A total of 1 7 tests were conducted in a 6-month time frame for assembling 
the tetrahedral cell chown in figure 2. The program was conducted in two 
phases: test setup and procedure development (first 11 tests), and determina- 

tion of time lines (time to accomplish individual tasks and to complete assembly 
of the cell - final 6 tests) . No design effort was made prior to the test 
series to optimize the test hardware (available columns, joints, and unions) 
or assembly aids and procedures to meet manned EVA requirements. The hardware 
aids and procedures were modified and adapted (within reasonable cost and time 
restraints) throughout the development phase of the test program to improve the 
performance of the test subjects. 

The logic used for the initial test setup and assembly procedures was based 
on maintaining simplicity and minimizing motion and effort by the test subjects. 

The initial setup contained only two foot restraints (one at each end of the 
column rack), no apex assembly aid, and minimum handrails (on the outrigger and 
cargo bay sill). Test hardware, procedures, and assembly aid modifications 
proposed during the test series were incorporated only after a consensus of the 
test participants. 

Two different modes of two-man assembly procedures were developed, a manual 
mode and an RMS-assisted mode. The manual-mode assembly procedure required the 
test subjects to install the three unions on the outrigger assembly aid, install 
the three base columns, erect the apex assembly aid, install the apex union and 
the three upper columns, and then install the simulated equipment module. For 
the RMS-assisted mode tests, the procedure was modified to include a simulated 
Shuttle remote manipulator system (RMS) to assist the two test subjects by 
transferring the columns and unions to the assembly sites. Also, the apex assem- 
bly aid was erected prior to the test. The RMS was simulated by scuba-equipped 
utility divers, supporting the coliimns at each end during translation. No i 

attempt was made to simulate actual RMS operational characteristics. 
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Test subjects were required to pass a rigorous physical fitness examination 
and have both scuba and pressure suit training. In terms of pressure suit and 
neutral buoyancy test experience, the test subjects (a total of 11 ) that partici- 
pated in this test program ranged in experience from novice to expert. 

Test data were collected through a number of systems, including videotape 
(five cameras with different view angles) with voice recording on the tape, 

16-nm motion-picture cameras, 35-nm still photographs, and post-test debriefings 
by all participants. 

Component assembly time lines were collected throughout the test series. 
System level time lines were credible only during the final six tests in which 
no further variables were introduced. 


RESULTS AND DISCUSSION 

The test program results are presented in this section for the two major 
phases of test setup and procedure development and determination of assembly 
time lines. A film supplement on test subject motions and hardware dynamics is 
available on request. 


Test Setup and Procedure Development 

A number of modifications were made to develop the test setup (fig. 2) and 
procedures. These modifications fall under four headings: assembly aids, test 

hardware (columns, joints, unions, and simulated equipment module) , assembly 
procedures, and test subject performance. The major modifications made during 
the development effort are outlined in table I. 

Assembly aids .- The need for an apex assembly aid (AAA) was immediately 
recognized during initial walk-throughs, prior to any assembly testing. Further- 
more, test-subject- induced deflections at the apex required a major redesign 
of the AAA. The press. -*e-suited test subjects could not confidently grasp the 
test column to translate themselves, nor could the unions withstand the reactive 
forces induced by a translating test subject. The initial AAA design, using 
a 5-cm-diameter pole, allowed 1.2-m deflections at the apex during normal 
assembly operations. The AAA was stiffened by using an 1 1 .4-cm-diameter pole, 
which allowed a 0.3-m apex deflection. Further modifications were made to 
assist the te^t subjects in orienting and erecting the AAA. An alignment pin, 
installed by a test subject, through the swivel base into the deck prevented 
undesired rotation. The diameter of the knob used to clamp the AAA to the cargo 
bay sill was increased from 2.5 to 3.8 cm. 

Foot restraints were added and reoriented throughout the development effort. 
All the assembly aids proved to be flexible, which caused considerable difficulty 
in locating and aligning the unions to receive the columns. Consequently, the 
test subjects had to force the columns and unions into relative alignment, react- 
ing these forces against the foot restraints. 


5 



Test hardware .- The space-weight columns and unions were easily manipulated 
and transferred* but considerable difficulty was encountered in joint assembly 
and verification of assembly. 

The test subjects initially attempted to carry the unions (fig. 6) in a 
nylon "dive bag" for translation to the work sites. Although the unions could 
be easily grasped* their shape allowed snagging during withdrawal from the bag. 
This situation led to the elimination of the bag and the use of wrist tether 
attachments of the unions for translation. 

Assembly of the column joints (fig. 5) was difficult* due to the close- 
tolerance design and the flexibility of the assembly aids. Installing the union 
pedestal joint (fig. 6), as shown in figure 9* presented little difficulty; the 
test subject could easily manipulate and align the pedestal to allow full seat- 
ing and latch engagement. However* since the outrigger and apex assembly aid 
were not stiffened to prevent moving or twisting* the unions were neither prop- 
erly located nor aligned relative to each other. Misalignment was reduced by 
pretest alignment of union pedestals* using the tetrahedral cell as an alignment 
fixture. Joint assembly difficulty was further reduced by allowing the column 
end joints to rotate and coordinating test subjects movonents (see fig. 1 0) to 
assure that both ends were correctly located prior to assembly. 

Verification of joint assembly (fully inserted and latched) presented a 
second difficulty. The four external latching tabs of each joint required only 
small deflections to open and latch* but could not be easily viewed or recognized 
by touch by the test subjects. Rotating and tugging the joint risked damage 
to the external latches if the joint had not been fully latched. 

The external- latch joint could not be used in attaching the simulated 
equipment module to the cell apex union. The test subject had to reach under 
the SEM to grasp the joint with one hand, while attempting to align the joint 
by manipulating the SEM with the other hand. This maneuver* as well as an 
attempt to grasp, with both hands* the joint-half mounted cn the SEM* was 
virtually impossible due to the interference of the test subject's helmet and 
the suit resistance to his accomplishing the necessary reach. Therefore* a 
threaded joint was substituted which allowed the test subject to grasp the SEN 
at its extremities, as shown in figure 11* and to install the SEM by rotation. 

Assembly procedures .- The finalized assembly procedures for the manual 
and RMS-assisted modes are shown m tables II and III, respectively. Improve- 
ments in test subject performance were achieved by recognition through testing: 
establishing the best translation routes* establishing which subject of the 
two-subject tecun accomplished a particular function most effectively, and 
determining the best hardware location. For example* one change was in a 
maneuver which required a test subject to translate from station C to station A 
(see fig. 2) to initiate the erection of the apex assembly aid* which was stowed 
toward station A. This maneuver was changed to stow the apex assembly aid 
toward station B to allow the test subject already at station B to initiate the 
erection* while the subject at station C was translating through station A to 
the base of the apex assembly aid. Also, installing the apex union on column 4 
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prior to the start of the test (see table II) and installing that column as the 
first apex column (opposite the AAA)r not only reduced the installation effort, 
but stiffened and stabilized the apex assembly aid. 

The RMS-assisted mode assembly procedure (table III) capitalized on having 
erected the apex assembly aid prior to the assembly test, as well as using a 
simulated RMS to transfer the hardware to the work sites. Translation reduc- 
tions were achieved in the initial transfer of unions from subject 1 to sub- 
ject 2, in erecting the apex assanbly aid, and in transferring the simulated 
equipment module. 

Test subject performance .- Several general results on test subject perfor- 
mance were obtained from observation and test subject ccxnments. 

Although neutrally buoyed, test subjects' grasping and manipulating capa- 
bilities were affected by their gravity- influenced position in the sUit. On 
reorienting themselves the test subjects "fell" inside the suit, due to the 
large interior volume. This falling repositioned the test subjects and pre- 
ven*'ed them frcmi fully inserting their arms and hands into the limits of the 
ballooned suit and, consequently, reduced their ability to grasp objects. 
Grasping, manipulating, and passing the columns presented little difficulty, 
since minimal hand dexterity was required. The columns were grasped at one 
end with either two hands, as shown in figure 12, or with one hand after 
inserting the column in the armpit of the same arm. The test subjects were able 
to confidently slide the column through their hands, holding it against their 
shoulder and helmet, to allow the column to be grasped at any position along 
its length. The erection of the apex assembly aid (fig. 1 3) was a manageable 
task in spite of the fact that it was not neutrally buoyed; one test subject 
lifted the pole at approximately its midpoint and passed it to the other test 
subject at the pole's base. Installation of the pin in the base of the apex 
assembly aid was easily accomplished by a test subject in a prone position, as 
shown in figure 14. However, the assembly of the AAA latches at the cargo bay 
sill and the apex proved to be difficult in grasping and rotating the knurled 
knobs; the test subjects experienced appreciable fatigue in accomplishing the 
approximately 12 turns of the knob to seat each latch. Fu>.thermore, at the apex 
of the AAA (fig. 15) the test subject was forced to reach to his limits, due 
to interference with his chest pack and pressure control unit. 

Test subject view angles were limited by suit protuberances and stiffness. 
The subjects had difficulty in looking downward and in stooping and bending to 
achieve better view angles. In order to fully view an object, the test subjects 
routinely maneuvered their entire bodies (as in zero gravity) with their hands 
and arms, while maintaining a straight posture. 

The degree of difficulty of body maneuvers to accomplish beneficial work 
ranged widely in this test program. All test subjects were comfortable and 
confident during hand-over- hand translations. (See fig. 16.) The most dif- 
ficult work site (prior to incorporating foot restraints) was at station C 
(fig. 2) . An extremely agile, experienced test subject could cling to the out- 
rigger with his legs, toes, or arms and still be productive. The addition of 
a leg loop, as shown in figure 17, afforded little support; the subjects still 
needed an additional hand, foot, or arm for security. In fact, the test 
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subjects had considerable difficulty in orienting their bodies and entering the 
leg loops, due to the bulkiness and protuberances on the suit. The use of foot 
restraints provided an adequate method of freeing the test subjects' hands and 
reacting forces, but required the test subjects to accomplish a blind maneuver 
(fig. 18) in positioning, orienting, and sequentially inserting their boots. 
These maneuvers were influenced by the surrounding structure from which the test 
subjects could grasp and apply moments euid forces to accomplish entry. Once 
in the restraints, the test subjects' maneuvers and reach envelope were limited 
by the suit resistance. Furthermore, the location of the foot restraints, 
relative to the hardware to be manipulated (even at an ideal chest-high loca- 
tion), often did not provide em ideal mechanical advantage for the test subjects 
to apply forces, and thereby increased their expended effort. 


Time Lines 

Assembly time lines and time-line assessments are described in this sec- 
tion. Improvements in test subject performance are described in terms of total 
assembly times (fig. 19) for the tetrahedral cell and test setup modifications 
(table 1) . 

The problems encountered in test 1 were caused by more than simple lack 
of experience. The 5-cm-diameter apex assembly aid allowed excessive deflec- 
tions at the apex. These large deflections compounded the difficulty of com- 
pleting the assembly of the apex structure. The test was terminated after the 
test subject, while attenpting to climb on the test structure (during the 
installation of the simulated equipment module) fractured two columns. 

In tests 2 to 4, the performance improved sharply over the initial tun as 
the support hardware was modified. The apex assembly aid was stiffened, and 
foot restraints and handrails were installed. The simulated equipment module 
was moveu to a more advantageous location at the base of the apex assembly aid. 

The large reduction in assembly time for rest 5 can be attributed to the 
experience and skill of the tvo test subjects. These subjects had many hours 
of previous experience in zero-gravity simulation tests, had nearly perfect fits 
in their pressure suits, and were entirely comfortable and confident in this 
test condition. Consequently, they were able to manipulate themselves and the 
hardware better than £uiy other subjects in the test series. 

In tests 6 to 8, the significant improvement over tests 2 to 4 can be 
attributed to providing foot restraints at station C (fig. 2). 

In tests 9 to 1 2, a totally inexperienced test subject went through an 
impressive learning cycle. This test subject received his introduction to both 
the pressure suit and the test method simultaneously. Hardware improvonents 
included outrigger alignment, allowing the column joints to rotate, and 
installing union D on column 4 (see sketch in table II) prior to the test before 
assembly of the cell. 
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The six final tests that were run to determine performance reproducibil-- 
ity yielded the following results: 29.3 minutes average with a spread of 
0.24 minute for the manual mode and 15.4 average with a spread of 2.05 minutes 
for the RMS-assisted mode assembly. Since erecting the apex assembly aid was 
not included in the RMS-assisted mode# a more accurate comparison of assembly 
times between the two modes should include an additonal 3 minutes (fig. 19). 

On a per-column basis (for assembly of the tetrahedral cell and simulated .la- 
ment module) the manual mode required approximately 5 minutes per column, ud 
the RMS-assisted mode required approximately 3 minutes per column. 

The time lines for the assembly of individual components are shown in 
table IV as averaged values of data collected throughout the test program. 

These data were difficult to cocnpile, since the starting and stopping times of 
each task could not be sharply defined. Furthermore, 11 different test subjects, 
numerous changes in test configuration, and an insufficient number of runs pre- 
cluded the establishment of statistical inferences. 

The greatest amount of total time consumed for ass^bly tasks (due to 
frequency) was in transferring the columns and assembling and verifying the 
integrity of the column end joints (103 seconds per column, it^s 7.5, 8.2, 
and 9.2), followed by the test subjects positioning themselves and ingressing 
the foot restraints (29 to 36 s conds, items 3.1, 4.1, and 4.2). Test subject 
translation times were significant in that all activity had to stop to allow 
both subjects to be in place at their work stations before work could continue. 
More difficult tasks, such as closing and verifying the clamps to secure the 
apex assembly aid pole (items 8.7 and 9.3) and apex union to the pole (itens 8.8 
and 9.4) required predictably longer times, 86 and 90 seconds. The single 
longest task (127 seconds) was to remove and install the simulated equipment 
module (items 1.5, 8.4, and 8.6). 

No appreciable change in the time to accomplish individual tasks was 
observed as the test program progressed. That is, task element times from 
earlier tests were nearly equal to those obtained from later tests in which the 
assembly times were much shorter. This apparent incongruity can be explained 
by analyzing the nonassembly activities. Much of the nonassembly activities 
resulting in lost time were associated with resting, requestin-% instructions, 
making suggestions, and indecision. In fact, a 1 5-percent additional time 
factor was apparent, even among trained subjects. 


CONCLUDING REMARKS 

To assess manned extravehicular activity (EVA) assembly of a large orbiting 
space structure, 1 7 assembly tests were conducted on a regular six-column tetra- 
hedral cell. This cell represents the fundamental ’’elanent" of a large tetra- 
hedral truss structure. A simulated equipment module was installed at the cell 
apex to oompiele the system representation. The 5.4-m long, space-weight 
columns and joints were assembled by a team of two cest subjects, wearing pres- 
surized space suits, in both manual and simulated remote-manipulator-assisted 
modes. The cell was a«'sembled on a Shittle cargo bay mockup under simulated 
zero gravity (neutral buoyancy in water). The test setup (assembly aids and 
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tetrahedral cell components) and procedures were modified during the test 
program to enhance test subjects' performance. 

Assembly aids were the greatest contributor to assembly performance by the 
test subjects. These aids provided a fixture on which the cell wan assembled, 
and a structure on which the test subjects translated and worked. Foot 
restraints at each work station freed the test subjects' hands and allowed them 
to react their generated forces. 

The operational activities of test subjects are appreciably restricted by 
the pressurized space suits. Test subjects must learn to acccmunc>date the limits 
of vision, articulation, and feel. The suit bulk and surface projections limit 
maneuvers and can make apparently simple tasks difficult, such as inserting a 
leg into a loop. Furthermore, relatively simple motions of hand-grasping and 
rotating hardware, such as screws, cpiickly cause fatigue. The columns were 
easily manipulated and passed by the test subjects, but once the joints were 
assembled, verification was difficult. The most difficult maneuver required 
for the test subjects in the final test setup was positioning and orienting 
themselves and entering the foot restraints. Once in the foot restraints, the 
test subjects often had to accomplish the work with poor mechanical advantages. 

The results of this study have confirmed that astronaut EVA assembly of 
large space structures is well within man's physical capabilities in spite of 
the limitations of the pressure suit. The time to complete the assembly of the 
tetrahedral cell, 29 minutes or 5 minutes per column, may be significantly 
improved ty using machines, such as a remote manipulator, to reduce the number 
of EVA tasks to yield a 3 minute per column assembly rate. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
May 26, 1981 
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WBtB I.- SOMMtY OF ASSSteLY TIlCS MR) HAMNMB AMD PROCSDOilB NOOIFICATIOMS 


Manual IVA aoda 


T«St 

Date 

AsseabXy tiae» 
ain 

Hardwara and procadura aodlf icatiotis 
aff acting neat tast 


3/22/79 

87.0 

AAA rcdasignad - diaaatar anlargadt foot 
rastralnt raplacad lag loop rastralnta 

Coluan rack tadaaignad to hold ooliauia In 
two rows of thraa colwia aach 

Ralocatad AAA to aora vertical position 

Diva bag for tatharlng of unions discarded 
for wire loop tether on wrist 

Redesigned SEM attachaent aechanisa fr<x snap 
joint to threaded configuration 

Relocated SEN stowage area froa near station B 
to near base of AAA 

2 

4/1 6/79 

54.37 

Handrails installed at ends of colunn rack 

Relocated AAA foot restraint 

Indexed AAA base claap 

Added leg loop restraint at statiai C 

3 

4/1 7/79 

56.95 

Loosened union aounting pedestals on outrigger 

4 

4/1 7/79 

"■ '"i 

58.80 

Enlarged knobs on AAA base claap 
Added foot restraint at station A 


4/1 8/79 

33.33 

■ H 

Added alignment pins at base of AAA 
Modified AAA deployment procedure 
Added foot restraint at station C 

6 

4/1 9/79 

45.75 

Added hauidralls on diagonal braces of 
outrigger 

Reoriented AAA in stowed position 

7 

9/1 0/79 

42.37 

Repositioned AAA foot restraint 

8 

9/10/79 

40.52 

Modified procedure to install colw) 4 in 
union D as first apex coliain 

Repositioned foot restraints at station A# 
Bf and C 

9 

9/11/79 

54.58 

Realigned outrigger, pedestals, etc. 

10 

9/11/79 

40.18 

Rotated joints on cell base to allow ool\san 
installation with a downward motion, rather 
than upward 

11 

9/1 2/79 

26.80 

Placed apex (union D) on column 4 prior to 
start of test 





















rkBlM II.* WMBiL BVA ASSMtY PROCBOORB 



Initial oondltionst 


(1) Subjects 1 and 2 at station E 

(2) AAA stowad donn# toward station A 

(3) Onions A# B# and C ara in lockar 

(4) Onion D is aountad on ooluan 4 


Step 

Subjact 1 

Subject 2 

1 

Rcaova isiions A and C 
Transfer unions to subjact 2 

j 

Receive unions A and C | 

Install C then A on wrist tether 

2 

Reaova union B 
Install union B 

Translate to station A 
Install union A 

3 

Maneuver coluan 1 toward station A 
Install coluan 1 

Install coluan 1 

4 

Maneuver coluan 2 toward station C 
Install colim 2 

Translate to station C 
Install union C 
Install coluan 2 

5 

Translate to station A 

Maneuver coluan 3 toward station C 

Install coliain 3 

Install coluin 3 

6 

Bract AAA 

Install position pin in AAA base 

Translate to AAA base 
Secure claap on AAA 

7 

Translate to station B 

Maneuver ooliam 4 toward station D 

Translate to station D 

Maneuver coluin 4 toward station C 

8 

Translate to station C 
Install coluan 4 

Install union D in claap 

9 

Translate to station A 

Maneuver ooluin 5 toward station D 

Install coluan 5 

Install coluan S 

10 

Translate to station B 

Maneuver ooluan 6 toward station D 

Install col\nn 6 

Install coliast 6 

11 

Translate to SBM 
Tether SBM 

Transfer SBM to station D 

Install SBM 
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TMU III.- RMB-ASSI8TBD WK ASSMLT PMXXOORB 



'nitlal oonditlonsz 


(1) AAA erected 

(2) Subject 1 at station B, 

subject 2 at station A 

(3) Subject 1 has union B tethered* 

subject 2 hail unions C then A tethered 

(4) Union D is counted on oolimn 4 


Step 

Subject 1 

Subject 2 

1 

Install union B 

Install union A 

2 

(RIG transfers coXmm 1) 
Install ooluBn 1 

Install column 1 

3 

(RIB transfers coliMn 2) 

Translate to stat n C 
Install union C 

4 

Install colwn 2 

Install colusn 2 

5 

Translate to station A 
Install coliBn 3 

(RIB transfers oolisan 3) 
Install colusn 3 

6 

Translate to station D 
Install union D in clasp 

(RMS transfers oolisan 4) 
Install colusn 4 

7 

(RIB transfers oolmn 5) 
Install colunn 5 

Translate to station A 
Install colusn S 

8 

(RMS transfers oolmn 6) 
Install colusn 6 

Translate to station B 
Install colwn 6 

9 

(RHS transfers SBM) 
Install SBM 





TMLB IV.- ASSMLT TM« ILINMr TIMB 


Itm 

TMk tXmtit 

Ti*a» 

aac 

1.0 

t 

1 


1.1 

Onion fro* box 

7 

1.2 

CoXim fro* r«c4 

• 

1.3 

Onion fro* Mrist tother 

It 

1.4 

Nxiat tothoc fro* handrail 

10 

1.5 

sm frcB stoiM 9 a 

20 

2.0 

Tr anal at* 


2.1 

along Bill 3a 

24 

2.2 

along Bill 4 a 

43 

2.3 

Ovar adg* of till froa outriggar 

It 

2.4 

■rft Bill fro* cargo hay 

10 

2.5 

Op AAA 4.5 a 

33 

2.4 

Down AAA 4.5 a 

22 

2.7 

Up AAA with Sm 

44 

3.0 

Position body 


3.1 

l^o ingraaa foot caatraint 

14 

3.2 

To *rtgrasa lag raBtraint 

29 

3.3 

o racaiaa aol.*n without lag raatraint 

13 

4.0 

Ingraaa 


4.1 

POot raatraint (1 handrail) 

20 

4.2 

Foot raatraint (2 handralla) 

13 

4,3 

Lag raatraint (1 handrail) 

37 

5.0 

Bgraaa 


5.1 

r K>t ' >Btraint (1 handrail) 

7 

5.2 

Poi. laatraint (2 handrails) 

5 

5.. 3 

^ Lag raatraint (i handrail) 

14 


Xt«i 

Taah llsMnt 

TIM. 

aac 

4.0 

Attach 


4.1 

Maiat tathar to handrail with raatraint 

14 

4.2 

Vaiat tathar to handrail without 
raatraint 

21 

4.3 

Union to own wrist tathar 

17 

7.0 

Tranafar 


7.1 

AAA to vartical position 

33 

7.2 

AAA to lockad position 

24 

7.3 

Colwn - 10° angular swing in horiaontal 
plana* using foot raatraint 

u 

7.4 

Coloan - 40^ awing* using foot raatraint 

44 

7.5 

Col«n - 40^ swing without foot raatraint 

44 

t.O 

Mata 


t.1 

Union to padaatal 

2i 

t.2 

Coltain to union iaanual Mods) 

23 

t.3 

Coluan to union iRM aoda) 

9 

t.4 

Sn to union (aanual aoda) 

95 

t.5 

SBN to union (MB aoda) 

34 

t.4 

Ti^tan SBI to union 

12 

t.7 

AAA cl«*p to pola 

54 

t.t 

Onion to AAA pola clrap 

55 

9.0 

Var ify 


9.1 

Onion aatad 

20 

9.2 

Colwn and oat ad 

34 

9.3 

AAA claap aacura 

30 

9.4 

AAA union clMp aacura 

35 



TETRAHEDRAL TRUSS 
STRUCTURAL PLATFORM 




Tetrahedral cel 
(6 columns 
5.4 m long) 



Unions (4)\ 


Station 


‘Union of simulated equipment module 


^Apex assembly aid 
(erectable) 


^ Space Shuttle 
cargo bay mockup 

I — Column rack 


Outrigger 
assembly aid- 


Handrails (11)' 


Union pedestals (3)- 








Handrail 



Foot restraints 15) 


■ y 


'Simulated equipment 
module 


-Handrail 


Union locker- 


Figure 2 .~ Test setup for simulated zero-gravity assembly of 
space structure element. 
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(b) Quick-eissembly/disasseinbly, internal latch joint 
Figure 5.- Column end joints. 

















W. 


^ i 





Figure 11.- Installation of simulated equipment module 
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ipulation to installation site. 
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Figure 1 3*- Apex assembly aid erection and latching* 

















